Background It is unknown how the accuracy rate of diagnostic demarcation of undifferentiated-type early gastric cancers (UD-type EGCs) differs between patients uninfected with Helicobacter pylori (H. pylori) and patients with and without H. pylori eradication. This study assessed and compared the diagnostic accuracy rate in the H. pylori-uninfected group and the non-H. pylori eradication and H. pylori eradication groups. Methods Subjects were 81 patients with 81 lesions who underwent endoscopic submucosal
Introduction
Since the indications for endoscopic submucosal dissection (ESD) were expanded to include undifferentiated-type early gastric cancers (UD-type EGCs) [1] [2] [3] , improvements in preoperative diagnostic ability have been a concern. Diagnosis of demarcation of UD-type EGCs is known to be difficult because of the presence of proliferative zone extensions [4] . We previously demonstrated the utility of magnifying endoscopy with narrow-band imaging (ME-NBI) for diagnosis of demarcation in both ESD and surgical cases. When the diagnostic accuracy of demarcation was assessed, the rate of diagnostic accuracy with ME-NBI was approximately 80%, indicating that ME-NBI has an add-on effect of approximately 30% compared with conventional white light imaging (WLI). ME-NBI was suggested to be useful in diagnosis of UD-type EGCs [5, 6] . Inflammatory cell infiltration appeared to be a cause of misdiagnosis, suggesting that resolution of inflammation could contribute to accurate diagnosis of demarcation.
Helicobacter pylori (H. pylori) is a major cause of inflammation. We assumed that the resolution of inflammation following eradication of the infection might improve the diagnostic accuracy of demarcation. Therefore, we assessed the rates of diagnostic accuracy of demarcation with ME-NBI in patients with UD-type EGCs who underwent H. pylori eradication and patients who did not. We found that although the rate among those without H. pylori eradication was approximately 60%, the rate in those with H. pylori eradication was much higher, at 90% or greater [7] .
H. pylori tests are positive in the majority of patients with gastric cancer [8, 9] . However, H. pylori-uninfected early gastric cancer has also been reported, with a low prevalence of 0.66% [10] . In addition, undifferentiated type is reported to be predominant in H. pylori-uninfected early gastric cancer [10] . The presence of H. pylori-uninfected UD-type EGCs was confirmed at our hospital with a low frequency (about 20% of all UD-type EGCs) among patients who underwent ESD [11] .
It is expected that the relative prevalence of H. pyloriuninfected UD-type EGCs will increase in the future, as the rate of H. pylori infection declines.
The endoscopic and pathological features of H. pyloriuninfected UD-type EGCs are shown in Fig. 1 . We previously reported that compared with H. pylori-positive UDtype EGCs, H. pylori-uninfected UD-type EGCs are more likely to be intramucosal carcinoma with a smaller diameter, more frequently confined to the proliferative zone of the mucosa, and that many cases are macroscopically flat, located in the lower region of the stomach, and histologically signet ring cell carcinoma [11, 12] . In our previous study, we did not assess the rate of diagnostic accuracy of demarcation of H. pylori-uninfected UD-type EGCs, and there have been no reports regarding the rate from any other institutions.
In the present study, we compared three groups of patients with UD-type EGCs to determine the rate of diagnostic accuracy of demarcation in the H. pylori-uninfected group and to reveal how it would differ from the rates in the non-H. pylori eradication and H. pylori eradication groups.
Patients and methods
This study was performed retrospectively at a single center. The subjects were 81 patients with 81 lesions that were detected on routine examination as ≤ 20-mm lesions without metastasis or ulceration, diagnosed as UD-type EGC on biopsy, and treated with ESD between January 2010 and February 2015. Subjects were consecutive patients examined by two endoscopists certified by the Japan Gastroenterological Endoscopy Society. All endoscopic images and histopathological specimens could be re-examined. We included cases in which postoperative histopathological specimens were UD-type EGC and excluded cases in which postoperative histopathological specimens were differentiated-type cancer.
Patients in the eradication group met these inclusion criteria: confirmation during the first examination of a negative H. pylori antibody test (E-plate Eiken ® , Eiken Chemical Co., Ltd., Tokyo, Japan) or a negative 13 C urea breath test (UBIT, Otsuka Pharmaceutical Co., Ltd., Tokushima, Japan) in patients who had undergone H. pylori eradication at our or another hospital; and confirmation of a negative urea breath test performed at least 4 weeks after the start of H. pylori eradication in patients who were positive for H. pylori antibodies or had a positive urea breath test during the first examination at our hospital.
Moreover, the state of being uninfected with H. pylori should be determined by several different types of tests to exclude false negative results on each test [10] .
H. pylori-uninfected status was defined by the following six criteria: (1) no prior H. pylori eradication, (2) urea breath test negative, (3) H. pylori antibody (E-plate Eiken ® , Eiken Chemical Co., Ltd.) negative, (4) pepsinogen test negative (cutoff level of positive: pepsinogen [PG] I ≤ 70 ng/mL and PG I/II ratio ≤ 3), (5) endoscopically confirmed positive regular arrangement of collecting venules in the lower gastric body [13] , and (6) histologically confirmed H. pyloriuninfected status and inflammatory cell infiltration activity negative by the updated Sydney system [14] .
Gastric cancers that did not meet at least one of the above six criteria and conditions of eradication were defined as H. pylori non-eradication.
In all patients, preoperative endoscopic and histopathological images were reviewed by three endoscopists with 10 years or more of experience in magnifying endoscopy and certified by the Japan Gastroenterological Endoscopy Society. First, using magnifying endoscopy (GIF-H260Z: Olympus Medical Systems, Tokyo, Japan), indigo carmine endoscopy with WLI was performed to demarcate lesions, which were photographed. Diagnoses were then made in reference to the following findings, on which we previously reported in relation to their usefulness for diagnosis of demarcation of UD-type EGCs: expansion of pathological intercrypt distance (extended intervening part) (Fig. 2) , wavy microvessels, and corkscrew pattern on ME-NBI images [5, 16] . WLI was first performed to demarcate the lesions, followed by ME-NBI. A demarcation line is defined as existence of extended intervening parts, wavy microvessels, and corkscrew pattern between a mucosal lesion and background mucosa. The demarcation lines, determined as the utmost oral and utmost anal sites of the lesion, were marked with argon plasma coagulation (APC) (Fig. 3) . The ME-NBI findings were compared with the results of postoperative pathological examination. A diagnosis was considered accurate when both the utmost oral and utmost anal sites marked in ME-NBI were consistent with the results of postoperative pathological examination (Fig. 4) , and the rates of diagnostic accuracy were calculated. Cases in which only either the utmost oral or utmost anal site of the lesion was consistent were regarded as inconsistent. Given that the resected specimens had been cut into 2-mm slices, the acceptable error for accurate diagnosis was set at 1 mm or less.
Each patient was also examined for proliferative zone extension distance, intercrypt distance, and inflammatory cell infiltration. We defined the distance of cancer that develops along the proliferative zone as "proliferative zone extension distance". Proliferative zone extension and intercrypt distances were measured by light microscopy at 100 times magnification. Proliferative zone extension distance was defined as the distance between APC markings. Intercrypt distance was measured at 5-10 points each in the cancerous and noncancerous regions, and mean distances were calculated from the measurements. The mean distance ratio of the noncancerous region to the cancerous region (mean intercrypt distance ratio) was calculated. The intercrypt distance was defined as the distance between the center of a crypt and the center of an adjacent crypt. As for inflammatory cell infiltration, histological grades of monocyte infiltration, neutrophil infiltration, atrophy, and intestinal metaplasia were divided into two groups, normal-to-mild and moderate-to-marked, according to the updated Sydney classification [14] .
In addition, the following data were collected and separately compared between the H. pylori-uninfected and non-H. pylori eradication groups and between the H. pyloriuninfected and H. pylori eradication groups: age, sex, site of lesion, color of lesion, macroscopic type, depth of tumor invasion, histological type, tumor diameter, curability, adverse events, endoscopic findings of the APC-marked site, and presence or absence of atrophy around the lesion. 
Statistical analysis
Fisher's exact test was performed for comparison between the two groups. For age, tumor diameter, proliferative zone extension distance, mean intercrypt distance ratio, mean values, and standard deviations were calculated and analyzed using the t test and F test. We performed the Mann-Whitney U test to compare the eradication and non-eradication groups, because the specimens were not matched but independent.
Under the guidance of statistical experts, we determined the significance level as follows. Because we were interested in two pairwise comparisons (H. pylori-uninfected group vs. non-H. pylori eradication group, and H. pylori-uninfected group vs. H. pylori eradication group) with the H. pyloriuninfected group as the control group, we set the significance level to < 0.05/2 using Bonferroni's method.
StatView software version 5.0 (SAS ® Institute Inc., Cary, NC, USA) was used for analysis.
Results
There were 27 patients who had undergone H. pylori eradication, confirmed by urea breath tests at our hospital, along with 33 patients who had not undergone H. pylori eradication, and 21 patients who were H. pylori uninfected. The subjects included in this study were divided into H. pylori-uninfected, non-H. pylori eradication, and H. pylori eradication groups ( Table 1) . The H. pylori-uninfected and non-H. pylori eradication groups were then compared (in the following section, the data for the H. pylori-uninfected group are presented first, followed by those for the non-H. pylori eradication group). Macroscopically, the flat type was observed in 9 of the 21 lesions (42.9%) and 1 of the 33 lesions (3.0%). More flat-type lesions were found in the H. pylori-uninfected group. The mean tumor diameter in the two groups was 7.3 ± 5.2 mm and 14.6 ± 9.0 mm, respectively, and significantly smaller in the H. pylori-uninfected group. Intramucosal carcinoma was observed in all 21 lesions (100%) and 28 of the 33 lesions (84.8%), while signet ring cell carcinoma was observed in all 21 lesions (100%) and 23 of the 33 lesions (69.7%). The proportions of both types of carcinoma were significantly The H. pylori-uninfected group was also compared with the H. pylori eradication group. In comparison of the H. pyloriuninfected group to the H. pylori eradication group, there were more macroscopically flat-type lesions, the tumor diameter was significantly smaller, and the proportions of intramucosal and signet ring cell carcinomas were significantly higher in the H. pylori-uninfected group. While no significant difference was observed in tumor color, many lesions were discolored in both groups. In the following section, the data for the H. pylori-uninfected group are presented first, followed by those for the H. pylori eradication group. The mean intercrypt distance ratios were 1.96 (95% CI 1.70-2.21) in the H. pylori-uninfected group and 1.94 (95% CI 1.69-2.20) in the H. pylori eradication group, and the diagnostic accuracy rates were 100% (21/21) and 92.6% (25/27), respectively. No significant differences were observed in either value, or in proliferative zone extension. The endoscopic findings of the APCmarked sites in the H. pylori-uninfected group were extended to intervening parts in 41 sites and wavy microvessels in 1 site. In the H. pylori eradication group, there were 38 sites with extended intervening parts, 12 sites with wavy microvessels, and 4 sites with a corkscrew pattern. The H. pylori-uninfected group included significantly more sites with extended intervening parts. Regarding atrophy around the lesion, 12 lesions in the H. pylori eradication group were adjacent to an atrophic area. Atrophy was significantly more common in the H. pylori eradication group.
Comparison of background mucosa (updated Sydney classification) showed that atrophy and monocyte infiltration were significantly milder in the H. pylori-uninfected group. However, no significant difference was observed in the severity of neutrophil infiltration and intestinal metaplasia.
Discussion
In patients undergoing ESD for UD-type EGCs, the surgical margin-positive rate and the curative resection rate vary greatly among institutions, ranging from 1.7 to 52.6% and from 63.9 to 82.5%, respectively [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . In our previous study, diagnostic demarcation accuracy was obtained with ME-NBI in approximately 80% of patients undergoing ESD for UD-type EGCs [5] .
Thus, to determine whether the rate of diagnostic accuracy was actually higher in the H. pylori-uninfected group than in the non-H. pylori eradication group and whether the rate after resolution of inflammatory cell infiltration achieved by H. pylori eradication was different from the rate in the H. pylori-uninfected group, in which inflammatory cell infiltration caused by H. pylori was absent from the beginning, we compared and analyzed the H. pylori-uninfected, non-H. pylori eradication, and H. pylori eradication groups in the present study.
Compared with the non-H. pylori eradication and H. pylori eradication groups, the H. pylori-uninfected group included more macroscopically flat-type lesions. As previously reported, we consider this finding to be attributable to the fact that in the H. pylori-uninfected group, tumors were often confined to the proliferative zone in the early stages [11] , and cancer was neither exposed nor formed a depression on the surface. Many intramucosal carcinomas were observed. In addition, as we have previously reported, intramucosal lesions are common in H. pylori-uninfected patients because tumor cells have a low proliferative capacity and remain in the proliferative zone of the mucosa in many cases.
Furthermore, it has been reported that signet ring cell carcinoma is common in H. pylori-uninfected patients [10, 12] . We consider the results of the present study to be consistent with this finding.
The smaller tumor diameter observed in the H. pyloriuninfected group may be attributable to the low proliferative capacity of the tumor cells, as previously stated [11] . We have also previously reported that inflammatory cell infiltration renders diagnosis of demarcation difficult [7] , meaning that the tumors are difficult to identify. In other words, inflammatory cell infiltration makes the detection of tumors difficult. Conversely, without inflammatory cell infiltration, tumors may be easily detectable. These factors suggest that, in the H. pylori-uninfected group, cancer might have been detected at a small size. Thus, the tumor diameter in the H. pylori-uninfected group was presumably smaller than that in the H. pylori eradication group.
The mean intercrypt distance ratio and the rate of diagnostic accuracy in the H. pylori-uninfected group were significantly higher than the corresponding values in the non-H. pylori eradication group, but no significant differences were observed in these parameters between the H. pyloriuninfected and H. pylori eradication groups. Moreover, the state of the background mucosa was milder in the H. pyloriuninfected group than in the non-H. pylori eradication group for all items included in the updated Sydney classification.
Comparison between the H. pylori-uninfected and H. pylori eradication groups showed that atrophy and monocyte infiltration were significantly milder in the H. pylori-uninfected group; however, no significant differences were observed in the severity of neutrophil infiltration and intestinal metaplasia. In our previous study comparing H. pylori eradication and non-H. pylori eradication groups, we reported that the diagnostic accuracy of demarcation is improved by the following mechanism: H. pylori eradication leads to resolution of neutrophil infiltration, which in turn results in reduction in extended intervening parts caused by inflammatory cell infiltration in the noncancerous region; consequently, the contrast between the cancerous and noncancerous regions becomes clear, and extended intervening parts in the cancerous region become apparent [7] . In the present study, when the H. pylori-uninfected and non-H. pylori eradication groups were compared, the rate of diagnostic accuracy was higher in the H. pylori-uninfected group because of the absence of inflammatory cell infiltration caused by H. pylori. However, comparison between the H. pylori-uninfected and H. pylori eradication groups revealed no difference in the severity of neutrophil infiltration, suggesting that H. pylori eradication might have reduced the severity of neutrophil infiltration in the H. pylori eradication group to a level comparable to that of the H. pylori-uninfected group. For this reason, the rate of diagnostic accuracy of demarcation might also have been improved in the H. pylori eradication group, and no significant difference was observed in the diagnostic accuracy.
Regarding intestinal metaplasia in the H. pylori eradication group, since the infection was eradicated prior to progression of the lesion to intestinal metaplasia, there was considered to be no significant difference in this group as compared with the uninfected group.
The diagnosis of demarcation is difficult following H. pylori eradication because the surface of the cancerous region is covered with gastritis-like tissue (mucosal tissue resembling gastritis around the lesion) [25, 26] . H. pylori eradication has also been reported to flatten lesions of differentiated-type early gastric cancers [27, 28] . However, the majority of UD-type EGCs are macroscopically classified as the superficial flattened or depressed type, and many cases show no tumor exposure from the superficial layer regardless of whether H. pylori eradication has been performed, as the results of the present study also show. Therefore, the diagnostic accuracy of demarcation of UD-type EGCs is improved by resolution of neutrophil infiltration.
Although proliferative zone extension is reported to be a factor affecting the diagnosis of demarcation of undifferentiated-type cancer, in addition to extended intervening parts [4, 29] , the present study did not show any significant difference either between the H. pylori-uninfected and non-H. pylori eradication groups or between the H. pylori-uninfected and H. pylori eradication groups. In previous reports, because the diagnostic ability of conventional routine endoscopy was not based on magnifying endoscopic observation, proliferative zone extension was an important cause of misdiagnosis by demarcation. However, it is assumed that the present study did not show any significant difference in proliferative zone extension because ME-NBI allowed detection of extended intervening parts.
Severe atrophy has also been reported to affect the diagnosis of demarcation [30, 31] . This finding seems to be attributable to the fact that in the presence of atrophy, the mucosal discoloration of undifferentiated-type cancer becomes unclear. In the present study, although atrophy was observed around 21 of the 33 lesions in the non-H. pylori eradication group and 12 of the 27 lesions in the H. pylori eradication group, it was not observed around any lesions in the H. pylori-uninfected group. In comparison of background mucosa, atrophy was also detected significantly less frequently in the H. pylori-uninfected group. Moreover, there were many discolored lesions in all groups. Although the non-H. pylori eradication and H. pylori eradication groups included significantly more lesions adjacent to an atrophic area, the accuracy rate of diagnostic demarcation was not significantly different from that of the H. pylori-uninfected group in either the non-eradication or eradication group. The results of the present study suggested that atrophy does not make diagnosis of demarcation more difficult.
The most common finding of the APC-marked sites was an extended intervening part in the H. pylori-uninfected, non-H. pylori eradication, and H. pylori eradication groups. If inflammation is resolved, intervening parts extended by cancer can easily be recognized with ME-NBI. Thus, it was suggested that borders with atrophic areas might be visible even for lesions located closely to an atrophic area.
Limitations
One of the limitations of this study is its retrospective design. In addition, it is not a comparative study. Outcomes in actual clinical practice may differ from the results of this study, depending on the endoscopist. Although the utmost oral and utmost anal sites of the lesion were marked with APC, there may be other sites that make diagnosis of demarcation difficult or easy. When ESD is performed in our hospital, the oral and anal aspects of the area to be resected are usually marked to distinguish which is the oral and which is the anal side of the resected specimen. In this study, we marked the most proximal oral and distal anal sides of the lesion. Another limitation is that this study was conducted at a single institution.
Differences in the diagnostic accuracy of demarcation among operators are difficult to assess in this study because our results were not compared with outcomes at other institutions. Although this study was conducted at a single institution, we assume that because cases had accumulated at a cancer center over 5 years, the study included a sufficient number of patients with relatively uncommon UD-type EGCs who had and had not undergone H. pylori eradication. Lesions were demarcated by marking the utmost oral and utmost anal aspects, which proves that neither easy nor difficult parts in the lesions were deliberately selected for diagnosis of demarcation. This study thus appears to be adequately valuable.
In conclusion, the rate of diagnostic accuracy of demarcation was high in the H. pylori-uninfected group. Moreover, this study suggested that the accuracy rate in the H. pylori eradication group was comparable to that in the H. pyloriuninfected group.
Compliance with ethical standards
Conflict of interest There is no conflict of interest in this study.
Human rights statement and informed consent This study was conducted in compliance with the principles of the "Declaration of Helsinki" issued in 1964 and revised thereafter. Prior to registration, all personal identifiers were deleted and informed consent was obtained from all patients to allow the use of pathological specimens and imaging data for this study.
